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REMARKS 



Marked-up pages showing changes made to the disclosure and claims are attached 

hereto. 

Care has been taken to ensure that no new matter has been added by this amendment. 

Receipt of an initial Office Action on the merits is awaited. Should there be any 
questions or concerns regarding this amendment, the Examiner is invited to contact the 
Applicant's undersigned representative by telephone. 

The Commissioner is hereby authorized to charge the required fees to Deposit 
Account No. 19-5113. 



Respectfully submitted, 
MAGED E. BESHAI 




Max R. Wood, Reg. No. 40,388 
Agent of Record 



Date: Jan 17 th , 2003 



ADDRESS: OGILVY RENAULT 
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Montreal, Quebec, Canada 
H3 A 2Y3 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



DISCLOSURE : 

Paragraph from Page 2, Uae 25 to Page 3, line 5 (Amended) 

This is accomplished in a rate-controlled multi-class high- 
capacity packet switch described in Applicant's copending United States 
Patent Application No. 09/244 3&4 -824 which was filed on February 4, 
1999. Although the switch described in this patent application is 
adapted to switch variable sized packets at very high speeds while 
providing grade-of-service and quality-of-service control, there still 
exists a need for a distributed switch that can form the core of a 
powerful high-capacity, high-performance network that is adapted to 
provide wide geographical coverage with end-to-end capacity that scales 
to hundreds of Terabits per second (Tbs), while providing grade of 
service and quality of service controls. 

Paragraphs from Page 4, line 31 to Page 7, line 27 (Amended) 

It is an objeot of th e invention to provid e a very high - capacity 

paefeet— s witch - with a— fetftbut e d coro that ig ad apte d to pr evide 
guarant e ed quality of servic e , as w e ll ar* providing intra switch data 
paths with a granularity that reduces or eliminates a requiremont for 
taud e rn switching. 

— Tho^n - vcntion thorcforo provides a high capacity - pqck - Qt - sw i te k 

• tkat - moludo s a plurality of coro mo dtttes—th a t-- oporato — in — a -- o*fOHi - t 
switching modo, and a plurality of odgo modul o s that aro - eonaoctcd to 
subt e nding pack e t sourc e s and subt e nd i n g p ack e t sinks, each of th e e dge 
modules operating in a packet switching mode. — The core modujes 
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switch payload traffic b e tween tho odgo-mo &ries using w ave l e ng th 

Each of the core modules is - proforabl y- a spaco switch . An y of 

However, tho - profc reed o p ao o sw i tc h is-an elefetr oftic -s ingl e stag e rotator 
s witoh, because of its simpl e archit e ctur e , e as e of control and scalability. 
A one of tho cdgo - modules is - pr e fe r ably co locat e d - wi th -e ach cor e 

later 

ttttfi i tii.t "i itiii ■"■nf 'I'M i »n 't f.i i r.y m i r i 11 1 1 ij^it. ji <m |MJiirt iiiiii it 

ingress quoiio. An ingr o a s a ohoduler s ort s pack e ts amving in th e ingr e ss 
qu e u e s from tho subt e nding pack e t sourc e s, th e sort being by destination 
e4g€^g>od-H-]e from which th e r e spectiv e pack e ts are to egress from th e 
high capacity pack e t switch for d e livery to tho subtending packet sinks. 

waiting in th e ingress qu e u e s for e ach oth e r r e spectiv e edg e modul e , and 
sends a oapacity r e quest vector to caoh of the controllers of tho core 
modules. Th e capacity r e quest v e ctor indicat e s a curr e nt r e quir e d 
capacity from the sending ingress edge module to on e or more egress 
edg e modules. — Th e capacity request vector sent to a given controller 
relates only to a group of channels thai connect th e e dg e modul e to th e 
given core module, 

Each e dg e modul e also maintains a vector of pointers to the 

sorted payload packets, the vector of pointer s being arranged in e gress 



edg e module order. A sch e duling matrix having one row corresponding 

fa lo is 



associated with the vector of pointers and determ i nes a data transfer 
schedule tor the ingress edge module. 

foeh — ingr e ss — edge — modul e — also — maintains — af* — array — ef 

Feee- nfiguration timing circuits, a on e of th e r e configuration timing 
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circuits being associat e d with — each — of th e cor e modul es: The 

r e configuration timing circuits ar e resp e ctiv e ly coordinat e d with tim e 
clocks in th e resp e ctiv e edge moduloa that serve as control l ers for th e 

eeFe — modules. Tfee — reconfiguration — timing — circuits — enable 

reconfiguration of channel switching in the ooro modules using a abort 
guard rime. 

Each coro modul e pr e ferably comprises a plurality of singl e 

stag e - rotator switch e s. Each rotator switch pr e f e rably accommodates a 
number of input chann e ls e qual to the number of ingr e ss edge modules, 
as well as a numb e r of output channels e qual to th e numb e r of egres s 



edg e modules. 



In a folded edgo - modulo - configuration, each edge 

riwi \r^i j-lx vfrwvu- iu EtXC ITTpxrC pvi v uitu vuv 



channel connect e d to an output port of e ach singl e stage rotator switch. 
In an unfold e d e dg e modul e configuration, e ach edg e module is either an 
ingr e ss modul e or an e gress modul e . Th e ingress and e gress modules 
we — preferabl y — arranged — in — co-locate d — pairs-, — ia — the — unfolde d 

e enueeted to an input port - of e ach rotator switch. Ea eh-^ gr e ss modul e 
likewise preferably has ono ohannol - connocto d-t o an output port of oaoh 
rotator switch. 

Th e inv e ntion also provides a m e thod of switching payJoad data 

rtt 1 3 CM. \J U LvkJ W XX t<X KrlXKJIL w l" '3 InTI'tVI'lT" J. 1 1 Uv C KJ rvixul W Vr lux viiv 



mefee d, - payload data pack e ts ar e r e c e ived from a subt e nding sourc e at 
an ingr e ss e dg e modul e of th e distribut e d data pack e ts switch. An 



Using th e identity of th e egress edgo module, the data packets a re 
arranged in a sorted order with other data pack e ts received so that the 
data paokots -a r e-io-a se a te d ordor corrocp on4k ig to t h o identity o f tho 
odgo m e dal s from which the data packet should egress from the 
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distributed dat a- packet s w ito h. Tho corto d-data-paekete-ar-e transferred in 
fixed l e ngth daca blocks that m e switch e d through th e cor B module to th e 
e gr e ss modul e . — Th e fixed l e ngth data blocks contain concat e nated 
pack e ts of variabl e length, and th e r e spective egre s s module pars e s th e 
variable size pack e ts according to methods known in th e art. Th e fixed 
length data blocks are switched through th e core modul e to th e egress 
m odu le, - — T h e r e after, th e payload data pack e t is transf e rr e d to a 
subt e nding sink. 

A very high-capacity packet switch is adapted to provide a high 

service-quality, as well as providing intra- switch data paths with a fine 
granularity that reduces or eliminates a requirement for tandem 
switching. The packet switch requires a scheduler to coordinate the 
transfer of packets across die switch, and the scalability of the switch 
is primarily determined by the throughput of its scheduler. Providing a 
fine granularity in a high-capacity switch requires an extensive 
scheduling effort that may not be realizable with a single controller. 
The invention, therefore, provides a switch that includes a plurality of 
core modules that operate in a time-division mode, and a plurality of 
edge modules that are connected to subtending packet sources and 
sinks, with each core module having its own controller which includes 
a packet-transfer scheduler. 

fn accordance with an aspect of the present invention, there is 
provided a packet switch. The packet switch comprises a plurality of 
independently-controlled core modules, a plurality of ingress modules, 
and a plurality of egress modules. The packet switch may further 
include a plurality of core controllers operating concurrently and 
independently: one core controller associated with each of the 
independently-controlled core modules and having a packet scheduler. 
Each ingress module receives packets 6 om subtending packet sources 
and has a link directed to each of the core modules. Each egress 



Received from < 613 230 6706 > at 1/17/03 4:13:07 PM [Eastern Standard Time] 



01/17/2003 16:27 FAX 613 230 6706 



OGILVY RENAULT 



@033 



- 5 - 

module has a link from each of the core modules and transmits packets 
to subtending packet sinks. Each of the ingress modules is operable to 
issue packet-transfer requests and distribute the packet-transfer 
requests among the core modules for scheduling. Each core module 
computes schedules in response to receiving packet-transfer requests, 
the schedules specifying time slots in a predefined time frame for each 
request- The ingress modules and the core modules can be 
geographically distributed and each ingress module is provided with a 
plurality of timing circuits each communicating with a time counter 
associated with one of the core modules to realize time coordination 
between each ingress module and the core modules. 

In accordance with another aspect of the present invention, 

there is provided a method of scheduling. The method is performed bv 
a controller of a core module having S £1 space switches and at least- 
one link to each of a plurality of ingress modules, where each ingress 
module formulates capacity-allocation requests preferably organized in 
capacity-request vectors each entry of which specifying an input port 
p. an output port 7i. and a number K of time slots per time frame. The 
method relies on a data structure to facilitate the scheduling process. 
The data structure preferably comprises a first three-dimensional 
matrix having a space dimension s representing space switches 
associated with the core module, a space dimension jp representing 
space-switch input ports, and a time dimension t representing the time 
slots in a slotted frame, and a second three-dimensional matrix having 
the space dimension s. a space dimension n representing space-switch 
output ports, and said time dimension t. The method comprises steps 
of creating the data structure, receiving capacity-allocation requests 
from the ingress edge modules, selecting a space switch s and a time 
slot t and, if both entries fs, p, t) of the first three-dimensional matrix 
and (s,ti, U of the second three-dimensional matrix arc free, allocating 
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the space switch, s and the time slot t and marking entries s, p, t \ and 
is.n. ti as busy The step of selecting is repeated until at most K time 
slots are allocated. The method includes the further step of 
temiinating a current connection by setting the value of K to equal to 
zero. 

In accordance with a further aspect of the present invention, 
there is provided a distributed packet switch. The distributed packet 
switch comprises a plurality of m cross connectors, a plurality of n 
core modules, a plurality of mxn edge modules, and a plurality of n 
core controllers each having a core scheduler. Each cross connector 
has n outer links and n inner links. Bach outer link connects to an edge 
module and includes A channels in each direction to and from the edge 
module. Each inner link connects to a core module and includes A 
channels in each direction to and from the core module. Each core 
module comprises a number of space switches not exceeding the ratio 
A/n. The edge modules and the core modules can be spatially 
distributed over a wide geographical area and the outer and inner links 
are preferably wavelength-division-multiplexed links. Each edge 
module has means for time coordination with the core modules. The 
core controller of any core module is adapted to compute a schedule in 
response to receiving capacity-allocation requests, the schedule 
specifying, for each capacity- allocation request, time slots in a 
predefined time frame. 

In accordance with a still further aspect of the present 

invention, there is provided a packet switch. The packet switch 
comprises a plurality of egress modules, each for transmitting packets 
on at least one network link, a plurality of ingress modules, each for 
receiving packets from at least one network link and capable of 
requesting ingress-to-egress-module connections for transferring 
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received packets to any other of the egress modules, and a. plurality of 
core modules, each capable of simultaneously receiving and 
independently responding to the ingress-to-egress-module connection 
requests from any of the ingress modules and of providing the ingress- 
to-egress module connections between any of the ingress modules and 
any of the egress modules in response to the connection requests. Each 
core module may have its own controller for allocating and scheduling 
resources to the ingress-to-egress-module connections. A core 
controller operates independently of. and concurrently with, the other 
core modules' controllers. Each edge module has a plurality of ingress 
ports each having an associated ingress buffer for receiving packets 
from subtending packet sources. An ingress controller in each ingress 
module sorts packets arriving in the ingress buffer into ingress queues, 
each ingress queue corresponding to an egress module from which 
packets are to egress from the switch for delivery to subtending packet 
sinks. Each edge module has a number of timing circuits at least equal 
to the number of core modules, each of the timing circuits being time- 
coordinated with a time counter associated with each of the core 
modules. 

In accordance with an additional aspect of the present 

invention, there is provided a method of switching packets through a 
switch having a plurality of ingress modules each having at least one 
ingress port, a plurality of egress modules each having at least one 
egress porU and a plurality of core modules. Each ingress module is 
coupled _to each core module, each core module is coupled to each 
egress module, and a packet can traverse only one ingress module, one 
core module, and one egress module in moving from an ingress port to 
an egress port. The method comprises steps of receiving, at an ingress 
module, packets from subtending traffic sources, the ingress module 
selecting the egress modules to which to send the packets, sending 
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connection requests to selected core modules, and requesting 
connections of specified capacities. The method includes the further 
steps of determining a feasible capacity allocation in response to a 
connection x-ecmest, subtracting the feasible capacity allocation from a 
specified capacity, and returning an updated connection request to the 
ingress module thai issued the connection request. If the feasible 
capacity allocation is less than the specified capacity, the ingress 
module may send the connection request to another core module. 

In accordance with another aspect of the present invention, 

there is provided an ingress module in a packet switch- The ingress 
module comprises an ingress controller, a plurality of ingress ports 
each having an ingress buffer for receiving packets from subtending 
packet sources where each packet indicates one of predefined 
destinations, a plurality of output ports for directing the packets to a 
plurality of core modules- means for sorting the packets received in the 
ingress buffer into ingress queues each corresponding to one of the 
destinations, means for storing a set of predefined paths to each of the 
predefined destinations, means for formulating connection requests, 
each connection request specifying a destination and a required 
capacity allocation, and means for selecting a candidate path from 
among the predefined paths for each connection request. 

In accordance with a further aspect of the present invention, there 

is provided a core module in a packet switch. The core module 
comprises at least one space switch having a plurality of input ports and 
a plurality of output ports, and a core controller adapted to receive 
connection requests, each connection request specifying a required 
capacity allocation and a destination selected from among a set of 
predefined destinations. The core controller provides means for 
associating each destination with one of the output ports, and a scheduler 
associated with the core controller times the transfer of packets from the 
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input ports to the output port and communicates scheduling results to 

sources of the connection requests, i 

i 

Paragraphs from Page 21, line 27 to Page 22, Hoe 32 (Amended) 

The capacity-request matrix 44 sent to a core module 34 is 
normally a sparse matrix with a majority of null entries since the 
capacity demand is split among eight core modules. The controller for a 
core module attempts to schedule the capacity requested by each ingress 
edge module 22 using data structures generally indicated by 
references 46 and 48. Each of the data structures 46, 48 is a three- 
dimensional matrix having a first space dimension s, which represents 
the respective space switches associated with the core module 34; a 
second space dimension p t which represents the space-switch ports; and 
a time dimension t, which represents pie slots in a slotted frame. Thus, 
an entry in data structure 46 is represented as {s,p,t}. The second 
dimension p may represent an input cjhannel, if associated with the data 
structure 46, or an output channel if associated with the data 
structure 48. If the number of slots Tper frame is 16, for example, then 



shows a centralized core, the size 
46 is 128 x 256 x 16. In the 



in the configuration of FIG. 1, which 
of the three-dimensional structure 
distributed core shown in FIG. 3 7 each core module uses a three 
dimensional structure 46 of size 16 x 256 x 16 

When the connections through a core module 34 are 
reconfigured, the core controller may either reschedule the entire 
capacity of the respective core module 34 or schedule capacity changes 
by simply peftefbatfftg- pemirbin2 a current schedule. If the entire 
capacity of the core module is reconfigured, each ingress edge 
module 22 must communicate a complete capacity request vector to the 
core module while, in the latter case, [each ingress edge module 22 need 
only report capacity request changes, j whether positive or negative, to a 
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respective core controller. A negative change represents capacity 
release while a positive change indicates a request for additional 
capacity. The incremental change method reduces the number of steps 
required to prepare for reconfiguration. 

Paragraph from Page 23, line 21 to Page 24, line 2 (Amended) 

A capacity request is rejected by a core module if sufficient 
matching slots cannot be found. In order to reduce the incidence of 
mismatch, the matching process should always start from a selected 
space switch at a selected time slot and follow the same search path for 
each capacity request. For example, the matching process may start 
from space switch 0 at time slot 0 and then proceed by increasing the 
time slot s, from 0 to 5T, where £-T is the number of time slots per 
efeafffle ttimcfrairie . It then continues to the next time-port plane 53 until 
the 16 planes (in this example) are exhausted or the capacity is 
successfully allocated, whichever takes place first. The result produced 
by this packing search, which is well known in the art; is an occupancy 
pattern shown in FIG. 8. 

CLAIMS: 

Claims 1-14 cancelled, 

4? — ■ A high capacity pack e t switch, comprising: 

a plurality of cox~ e modul e s, e ach of th e core modul e s 

op e rating in a circuit switching mode; 

a plurality of e dge modules connected to subtending 

pack e t sourc e s and subt e nding packet sinks, each of the edge mo dules 
o pera ti n g in a pack e t switching mod e ; 

wh e r e in th e core modules switch payload traffic between 

th o o dg o -me dul e s using wavelength division multiplexing (WDM) and 
ti me div i sion multiplexing (TDM). 
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2r. A-hi-g h cap acity pack e t switch as claim e d in claim 1 

yy ucawJUI cuvii vvi v iiivciu i xi>> 1 ijru i, cipuuc , 7i v i Ltiti 1 ; 

^ A high oapaoit - y — p acke t switch as claim e d in claim 2 

wherein e ach core modulo io a Ginglo stag e e l e ctronic rotator switch. 

4; A -hi g h-o apaeity pack e t switch as claim e d in claim 1 



wh e r e in: 

each ed g e - fl ao diri e has a plurality of ingr e ss ports, e ach of 

th e ingress ports having an associated ingress queu e ; and 

an ingr e ss sch e duler sorts pack e ts arriving in the ingress 

qucuos from tho sub te adiftg packet sources, the sort being by ogross 
edge -m o dul e fix>m which th e r e sp e ctiv e pookcta arc to egress from th e 
high capocit y paolc o t swito h4e^4e liv e ry to th e subt e nding packet sinks. 

A higk - oapaoity pack e t switch as claimed in claim 4 

wherein tho i ngr os s sch e dul e r p e riodically det e rmin e s a number o f 
p ftokotG - wa i fe n g in the ingress queues for each respective ogress edge 
modul e and s e nds a capacity r e qu e st vector to oach of tho oontro ll o r o o f 
feo oor o modul e s, th e capacity r e qu e st v e ctor sent to a given - oontrollof 
rolating on l y to a group of chann e ls that conn e ct th e e dge module to th e 
given ooro meduk>r 

& A high capacity paokot swito h-as-e k ime d in claim 5 

wh e r e in e ach ingr e ss e dg e module - oairitoins a v e ctor of point e rs to th e 
paeket s - sort e d by egr e ss edge modul e and a - scheduling matrix - that 
provides a - por t- numb e r for each slot in which a data block can bo 
transferred, tho - s eke duling mati-ix b e ing arranged in th e samo egress 
edge module order so that tho scheduling matrix and the pointers are 
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logioally alignoc H-a nd , w hon -a-4*Qn-btoik- 6ntry in die sch e duling matrix 
indicat e s an e gress p art-th rough w hic h a data block can b e transf e rr e d, a 
corr e s p on d ing pointer in th e vector of point e rs is us e d to locate a starting 
pe int for tho data block in tho packets waiting in the ingr e ss queues. 

3- . A hi gh — eap aoity pack e t switch as claimed in claim 1 

wherein the oor - o m oduloa and tho edg e modul e s are spatially distributed. 

& A high capacity packet switch as claimed in--o^ak»i-7 

wher e in on e edg e modul e is co locat e d with e ach cor e modulo, and tho 
edge module serv e s as a controll e r for th e core modul e , 

9t A h i gh capacity pack e t switch as claimed in claim 8 

wher e in e ach e dg e modul e ha s M r e configuration timing circuit s , where 
M is tho number of -eef o - modul e s, each of tho reconfiguration timing 
circuits b e ing time - coordinated with a — t ime counter in tho resp e ctiv e 
odgo modules that serve as procossors - fo e- tho core — modul e s^ to 
coordinat e data transfer from the - tflgp e ss -e dg e modul e s wh e n th e cor e 
modules aro rooonfigu g odto - chango channel connectivity. 

A high capacity pack e t switch as claim e d in claim 1 

wh e r e in e aoh odgo modulo is connect e d - to e ach cor e modul e by at l e ast 
on e communications link. 

4- ir. A high capacity pack e t switch as claimed in claim 10 

wh e r e in e ach cor e module comprises a plurality of singlo - stago rotator 
s witch e s, e ach \-otator switch having a number of input ports - eoHootivoly 
adapted to aooommodato a numb or of channels equal to the numb e r of 
ingress edge modules and a nu j n b or ^ f -ot^^-p^ts-eotl ectiv e ly adapt e d 
to accommodate a number of - ch a nne l s o quol to tho number of e gr e ss 
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e dg e modules, and each cdgo -fla odule has at l e ast one channel to - cask - e l" 
th e rotator switche s 

4-2t A-h igh capacity distributed packet switch, c omp rising: 

fr^tefa Uty of distributed cor e modules, each cor - Q rroedtele 

having a plural i ty of input ports and a plurality of outpu t-i- >oitS; th e 
distributed core modules swito & ing payload traffic in a circuit switching 
mod e ; and 

a plurality of distributed ingress edg e modules, cas k 

ingr e ss edgo modul e having a plurality of ingye ss port Q for r e c e iving 
payload trofQo from subtending sourc e s and a plurality o f o gress porta 

a plurality of e gr e ss e dge modul e s having a - plMr -a&y^-e-f 

ingr e ss ports fo ^ roc e iving - payload traffic from the core mo d* tle6 - ftnd a 
plurality of ogf es s - ports for - trarjsf e rring th e payload traffic to subten ding 
s mtes y- an d 

e ach of th e ingr e ss and egres s o d go mo dule s op e rat e d in a 

yuvAWl 1 LUIltllg ^ILUUt?, 



+3^ — A-high capacity distributed packet switch -as-el-a- im e d in 

claim 12 whore i- n th e ingr e ss e dg e modules and the egress edge modul o s 




44-.- — ■ A m e thod of switching payloa d data pas fee ts through a 

distofe utod data pack e t switoh, comprising the s te ps of: 

receiving a payload data packet from a subtonding - sow ee- a t-aft 

ingress edgo module of th e distributed data packets switch; 

b) d e t e muning an id e ntity of an egress e dg e module from which the 

d ata pa c k e t should e gress from the distributed dat a -p aokot switch; 
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e) arranging tho - data paolcot - ii» - a - sort e d or de r with oth e r data 

pae k o t c r oooiv o d go that th e data pack B ts ar e arranged in a sorted ord e r 
corres p onding to tho identity of the edge module from which the data 

xiMra< flirtTil^j /ai-r^-nrr- -fivkTYl +■ \ \ f\ #-l i /» f f i Vilify/*! H rttfl ftlfMrdM" T^Tf T f ^Ct \\ * 

d) transf e rring the sorted data packets in fixed length data blocks to 

e) switching tho fixod length data blocks tferough - the core modul e 

f) fe anfif d fri a g-4 h e payload data pack e t from the egress module to a 
subtending sink. 

New Claims J 5-102 added. 

15. (New* A packet switch comprising 

a plurality of independent! v-controlled core modules; 

a plurality of ingress modules each receiving packets from 
subtending packet sources and having a link directed to each of 
said core modules: and 

a plurality of egress modules each having a link from each of 
said core modules and transmitting packets to subtending 
packet sinks: 

wherein each of said ingress modules is operable to: 

issue packet-transfer requests each specifying an egress 
module: and 

distribute the packet-transfer requests among said 
plurality of core modules for scheduling so that each of 
said core controllers receives a portion of said transfer 
requests. 
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16. (New') The packet switch as claimed in claim 15 further 

including a plurality of core controllers operating concurrently and 
independently, one core controller associated with each of said 
independently-controlled core modules and haying a packet scheduler. 

17. fNew) The packet switch as claimed in claim 15 

wherein each of said ingress modules is further operable to segment 
each packet into data segments, each data segment occupying a time 
slot of a predefined duration. 

18. (New> The packet switch as claimed in claim 15 

wherein each ingress module has a plurality of ingress ports and an 
ingress controller, each of the ingress ports having an associated 
ingress buffer, said ingress controller being adapted to sort packets 
arriving at the ingress buffers from the subtending packet sources into 
ingress queues, each ingress queue corresponding to a one of said 
egress modules, 

19. (New) The packet switch as claimed in claim 18 

wherein said sorting is a logical sorting. 

20. (New) The packet switch as claimed in claim 18 

wherein the ingress controller periodically determines ingress-queue 
occupancy for each respective egress module and sends a capacity- 
request vector to a selected one of the core controllers, the capacity- 
request vector including capacity- allocation requests for connections 
to a subset of the egress modules. 

21. (New) The packet switch as claimed in claim 20 

wherein each of said core modules computes a schedule in response to 
receiving a capacity-request vector, the schedule specifying, for each 
capacity request, time slots in a predefined time frame. 
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22. fNewl The switch as claimed in claim 21 wherein each 

core module comprises a single-stage space switch. 

23. fNevy) The switch as claimed in claim 22 wherein said 

space switch is a rotator space switch comprising an input rotator, a 
plurality of memory devices, and an output rotator. 

24. fNew^ The switch as claimed in claim 21 wherein the 

core modules, the ingress modules, and the egress modules are 
spatially distributed. 

25. (New) The switch as claimed in claim 24 wherein each 

core module comprises a number S > 1 of single-stage space switches, 
each space switch having a plurality of input ports each connecting to 
an ingress module and a plurality of output ports each connecting to an 
egress module. 

26. (New) The switch as claimed in claim 25 wherein said 

single-stage space switch is an optical switch. 

27. fNew) The switch as claimed in claim 25 wherein each 

ingress module has a plurality of timing circuits each communicating 
with a time counter associated with a one of said core modules to 
realize time coordination between said each ingress module and said 
one of said core modules. 

28. (New) The packet switch as claimed in claim 25 

wherein each link carries a wavelength-division-multiplexed optical 
signal comprising S wavelength channels and -wherein each of said 
single-stage space switches channels of the same wavelength. 

29. (New) A method of scheduling performed by a 

controller of a core module having at least one link from each of a 
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plurality of ingress modules, said core module comprising a plurality 
of S £1 space switches, each space switch having a plurality of input 
ports and a plurality of output ports, the method comprising steps of: 

creating a data structure comprising: 

a first three-dimensional matrix having a space 
dimension s representing space switches associated 
with the core module, a space dimension u representing 
space-switch input ports, and a time dimension t 
representing time slots in a slotted time frame: and 

a second three-dimensional matrix having said space 
dimension s % a space dimension n representing spac&- 
switch output ports, and said time dimension t: 

receiving capacity-allocation requests from the ingress 
modules, each request specifying an input port an output 
port m and a number K of time slots per time frame; and 

selecting a space switch s and a time slot t and, if both entries 
Is, tl of the first matrix and {s,7£ t) of the second matrix are 
free, allocating space-switch s and time-slot t and marking 
entries fs, p. t\ and ( s,;k tl as busy. 

30. fNew") The method as claimed in claim 29 further 

including a step of repeating said selecting until at most K time slots 
are allocated. 

31. fNew^ The method as claimed in claim 29 further 

including a step of terminating a current connection bv setting the 
value ofKto zero. 



Received from < 613 230 6706 > at 1/17/03 4:13:07 PM [Eastern Standard Time] 



01717/2003 16:31 FAX 613 230 6706 



OGILVY RENAULT 



©046 



- 18 - 

32. (New) The method as claimed in claim 30 wherein said 

selecting for each capacity-allocation request considers all time slots in 
said time frame, then all of said plurality of space switches. 

33. (New) The metho d as clai med in claim W firrhW 

including a step of producing a scheduling mat rix that associates each 
of said input ports with each of said output ports during each of said 
time slots. 

34. (New) The_method as claimed in claim 33 wherein said 

all time slots are considered in a predetermined order. 

35. (New) The_method as claimed in claim 33 wherein said 

all of said plurality of switches are considered in a predetermined 
order. 

36. (New) The method as claimed in claim 33 including 

the further steps of: 

assembling said capacity-allocation requests into a capacity- 
request matrix each entry of which containing a requested 
capacity allocation: and 

attempting to schedule each entry in the matrix to perform core 
reconfiguration. 

37. (New) The method as claimed in claim 36 including 

the further step of maintaining at each ingress module two scheduling 
matrices, one in current use and one in update mode. 

38. (New) The method as claimed in claim 37 wherein 

each time a core re configur ation occurs, a scheduling matrix in use is 
swapped for a current scheduling matrix. 
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39. (Now) The method as claimed in claim 38 wherein an 

unused copy of the scheduling matrix is available for update after the 
core reconfiguration. 

40. (New) The method as claimed in claim 39 wherein 

rows in the scheduling matrix are executed sequentially, one per time 
slot* until a next core module reconfiguration occurs, and, after core 
module reconfiguration, processing continues at a next time slot. 

41. (New) A distributed packet switch comprising: 

a plurality of m cross connectors each having n outer links and 
u inner links: 

a plurality of n core modules_each core module comprising a 
number of s pace switches; 

a plurality ofmxn edge modules; and 

a plurality of n core controllers, one core controller associated 
with each of said core modules: 

wherein 

each of said outer links connects to an edge module and 
includes A channels in each direction to and from the 
edge module: 

each of said inner links connects to a core module and 
includes A channels in each direction to and from the 
core module: and 

said number of space switches per core module does 
not exceed the ratio A/n. 
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42. (Newl The distributed packet switch as claimed in 

claim 41 further including an edge controller associated with each of 
said edge modules: 

43. (New) The distributed packet switch as claimed in 

claim 42 wherein said edge modules and said core modules are 
spatially distributed over a wide geographical area. 

44. (New) The distributed packet switch as claimed in 
claim 43 wherein each of said outer licks is a wavelength-division- 
multiplexed link and each of said inner links is a wavelength-division- 
multiplexed link. 

45. (New) The distributed packet switch as claimed in 

claim 43 wherein each of said edge modules has means for time 
rnnrrHrift tion with each of said core modules. 

46. (New) The distributed packet switch as claimed in 
claim 45 wherein said means includes a timing circuits 

47. (New) The distributed packet switch as claimed in 

claim 46 wherein each of said core modules has means for time 
coordination with each of said edge modules. 

48. (New) The distributed packet switch as claimed in 

claim 47 wherein said means includes a timing circuit. 

49. (New) The distributed packet switch as claimed in 

claim 48 wherein at least one of said space switches in each of said 
core modules operates in a time-division-multiplexed mode. 

50. (New) The distributed packet switch as claimed in 

claim 49 wherein at least two edge modules transmit time-division- 
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multiplexed signals to said at least one of said space switches and 
adjust their transmission times so that the timc-dividon-multiplexed 
signals are received at said at least one of said space switches in time 
alignment. 

51. fNew) The distributed packet switch as claimed in 

claim 50 wherein one of said edge modules is collocated with a 
selected one of said core modules and hosts a controller that serves as 
the core controller of said one of said core modules. 

52. (New 1 ) The distributed packet switch as claimed in 

claim 50 wherein each of said edge modules is adapted to transmit 
capacity-allocation requests to any of said core modules. 

53. (New) The distributed packet switch as claimed in 

claim 52 wherein the core controller associated with said any of said 
core modules computes a schedule in response to receiving said 
capacity-allocation requests, the schedule specifying for each capacity 
request, time slots in a predefined time frame. 

54. (New) The distributed packet switch as claimed in 

claim 53 wherein at least one of said space switches is an electronic 
space switch. 

55. (New) The distributed packet switch as claimed in 

claim 53 wherein at least one of said space switches is an optical space 
switch. 

56. (New) The distributed packet switch as claimed in 

claim 53 wherein at least one of said space switches is an electronic 
single-stage rotator switch. 
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57* ("New") A packet switch comprising: 

a plurality of egress modules, each for transmitting packets on 
at least one network link: 

a plurality of ingress modules^ each for receiving packets from 
at least one network link and capable of making ingress-to- 
egress-module connection requests for transferring received 
packets to any other of the egress modules: and 

a plurality of core modules, each capable of simultaneously 
receiving and independently responding to said connection 
requests from any of the ingress modules, and of providing 
ineress-to-egress-module connections between any of the 
ingress modules and any of the egress modules in response to 
said connection requests. 

58. (New) The packet switch as claimed in claim 57 

wherein each core module has its own controller for allocating and 
scheduling resources to the ingress-to-egress-module connections, said 
own controller operating independently of the other core modules' 
controllers. 

59. (New) The packet switch as claimed in claim 57 

wherein each ingress module is connected to each core module by at 
least one link and each core module is connected to each egress 
module by at least one link. 

60. (New) The packet switch as claimed in claim 59 

wherein said resources comprise data paths of sufficient capacities to 
accommodate said connection requests. 
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61. (New) The packet switch as claimed in claim 60 
wherein said controller of said each core module operates concurrently 
with the controllers of the other core modules. 

62. (New") The_„packet switch as claimed in claim 61 

wherein each core module includes circuitry for time domain 
multiplexing a plurality of ingress-to-egress-module connections. 

63. (New) The packet switch as claimed in claim 62 

wherein each of the plurality of ingress-to-egress-module connections 
starts at the same ingress module and ends at the same egress module. 

64. (New) The packet switch as claimed in claim 63 

wherein the ingress modules include means for routing a connection 
through more than one of said core modules. 

65. (New) The packet switch as claimed in claim 64 

additionally including at least one cross-connector connecting a subset 
of the ingress modules to the core modules, 

66. (New) The_ packet switch as claimed in claim 65 

wherein all of said core modules switch data blocks of the same time 
duration. 

67. (New) The packet switch as claimed in claim 66 

wherein each of said core modules maintains its own time reference. 

68. (New) The packet switch as claimed in claim 67 

wherein each of said ingress modules times the transmission of its data 
blocks to arrive at a selected one of said core modules at a time 
determined by said selected one of said core modules. 
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69. (New) The packet switch as claimed in claim 57 

wherein at least one of said ingress modules is provided with a table of 
preferred paths to each of said egress modules, each path being defined 
bv a core module. 

70. (New) The packet switch as claimed in claim 66 

wherein at least one of said core modules comprises at least one space 
switch, 

71. (New) The packet switch as claimed in claim 66 

wherein at least one of said core modules is a single-stage electronic 
rotator switch. 

72. (New) The packet switch as claimed in claim 66 

wherein each ingress module has ajpluralitv of ingress ports and an 
ingress controller, each of said ingress ports including: 

an associated ingress buffer for receiving packets from 
subtending packet sources; and 

means for sorting packets arriving in the ingress buffer into 
ingress queues each ingress queue corresponding to _an_egress 
module from which packets in said each queue are to egress 
from the switch for delivery to the subtending packet sinks. 

73. (New) The packet switch as claimed in claim 72 

wherein each ingress module is further adapted to send capacity- 
allocation requests to a one of said core modules. 

74. (New) The packet switch as claimed in claim 73 

wherein each ingress module is further adapted to receive connection 
schedules from each of said core modules. 
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75. (New) The packet switch as claimed m claim 73 

wherein each of said connections is scheduled for transmission over 
time-slots of equal duration and each of said connection schedules 
includes time-slot identifiers for each scheduled connection. 

76. (New) The packet switch as claimed in claim 73 

wherein each ingress module is further adapted to: 

create a vector of pointers to the sorted packets: and 

assemble said connection schedules into a scheduling matrix so 
that a non-blank entry in the scheduling matrix indicates an 
index of the vector of pointers. 

77. (New) The packet switch as claimed in claim 76 

wherein said ingress confrolleT receives capacity requirements from 
subtending sources and determines said capacity-allocation requests. 

78. (New) The packet switch as claimed in claim 76 

wherein the ingress controller periodically determines a number of 
packets waiting in the ingress queues for each respective egress 
module and determines said capacity-allocation requests. 

79. (New) The packet switch as claimed in claim 75 

wherein each core module comprises a plurality of single-stage rotator 
switches, each rotator switch having a number of input ports 
collectively adapted to accommodate a number of channels at least 
equal to the number of ineress modules and a number of output ports 
collectively adapted to accommodate a number of channels at least 
equal to the number of egress modules, each ingress module having at 
least one channel to each of the rotator switches, and each egress 
module having at least one channel from each of the rotator switches. 
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80. (New) The packet switch as claimed in claim 79 

wherein each ingress module is combined with an egress module to 
foim an integrated edge module. 

81. (New) The packet switch as claimed in claim 75 

wherein the core modules are co-located at one geographical location. 

82. (New) The packet switch as claimed in claim 75 

wherein the core modules, the ingress modules, and the egress 
modules are spatially distributed. 

83. (New) The packet switch as claimed in claim 75 

wherein each ingress module has a number of timing circuits at least 
equal to the number of core modules, each of the timing circuits being 
time-coorHiTiated with a time counter associated with each of said core 
modules. 

84. (New) The packet switch as claimed in claim 83 

wherein one edge module is co-located with each core module and 
said one edge module serves as a controller for the core module. 

85- (New) A method of switching a packet through a 

switch comprising a plurality of ingress modules each having at least 
one ingress port, a plurality of egress modules each having at least one 
egress port, and a plurality of core modules, wherein each ingress 
module is coupled to each core module, each core module is coupled 
to each egress module, and packets can traverse only one ingress 
module, one core module and one egress module in moving from an 
ingress port to an egress port, the method comprising steps of: 

receiving a packet from a subtending traffic source at one of 
the ingress modules: 
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selecting at the ingress module one of the egress modules to 
which to send the -packet: 

sendine from the ingress module a connection request to a 
selected one of the core modules, requesting a connection of a 
specified capacity to said one of the egress modules: and 

at said selected one of the core modules; 

determining a feasible capacity allocation, 

subtracting said feasible capacity allocation from said 
specified capacity to update said connection request, 
and 

returning the connection request to said one of the 
ingress modules. 

86, (New) The method as claimed in claim 85 including 
the further step of said one of the ingress modules sending the 
connection request to another of the core modules if said feasible 
capacity allocation is less than said specified capacity. 

87. (New) The method as claimed in claim 86 wherein said 

any one of the core modules is selected at random. 

83. (New) The method as claimed in claim 86 wherein said 

any one of the core modules is selected according to a preferred order, 

89. (New) The method as claim ed in clafm 88 wherein said 

preferred order is specific to said one of the ingress modules and said 
one of the egress modules. 

90. (New) Ad ingress module in a packet switch, the 

ingress module comprising: 
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an, ingress controller; 

a plurality of ingress ports each having an ingress buffer for 
receiving packets from subtending packet sources, each packet 
indicating a one of -predefined destinations; 

a plurality of output ports for directing said packets to a 
plurality of core modules; 

means for sorting the packets received in said ingress buffer 
into ingress queues each corresponding to one of said 
destinations; 

means for storing a set of predefined paths to each of said 
predefined destinations; 

means for formulating connection requests, each of said 
cnnnerHn n requests specifying a destination and a required 
capacity allocation: and 

means for selecting, a_ candidate path from among said 
predefined paths for each connection request. 

91. (New> The ingress module as claimed in claim 90 

wherein said ingress controller performs said sorting, storing, 
formulating, and seleoting- 

92. (New) The ingress module as claimed in dAitn Q1 

farther including means for distributing said connection requests 
among said predefined paths. 

93. (New) The ingress modul e clai med in claim 92 

further including means for selecting more than one path for a 
connection. 
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94. (New) The ingress module as claimed in claim 91 

wherein each of said predefined paths is defined by one of said core 
modules. 

95. (New) The ingress module as claimed in claim 94 

wherein said core modules are distributed over a wide area. 

96. (New") The ingress module as claimed in claim 95 

further including a timing circuit adapted to perform time coordination 
with each of said core modules. 

97. (New) A core module in a packet switch, the core 
module comprising: 

at least one space switch having a plurality of input ports and a 
plurality of output ports; 

a core controller adapted to receive connection requests, each 
connection request specifying a required capacity allocation 
and a destination selected from among a set of predefined 
destinations: 

means for associating each destination with one of said output 
ports: 

a scheduler associated with said core controller, said scheduler 
adapted to time the transfer of packets from said input ports to 
said output ports: and 

means for communicating with sources of said connection 
requests. 

98. (New) The core module as claimed in claim 97 wherein 

said space switch is a bufferless switch operating in a time-midtiplexed 
mode. 
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99. (New) The core module as claimed in claim 98 wherein 

said sources are ingress modules each provided with timing circuitry to 
control the timing of packet transfer. 

100. (New) The core module as claimed in claim 99 further 

includine a timing circuit adapted for time coordination with said 
liming circuitry, 

101. (New) The core module as claimed in claim 100 further 

adapted to receive wavelength-division-multiplexed channels and 
assign a wavelengrth channel to eachof said at least one space switch, 

102. (New) The core module as claimed in claim 101 
wherein said core controller determines a feasible capacity allocation 
for a connection request not exceeding said required capacity 
allocation and, when the feasible capacity allocation is less than the 
required capacity allocation, modifies the connection request and 
returns a modified connection request to a source of the connection 
request. 



i 



Received from < 613 230 6706 > at 1117103 4:13:07 PM [Eastern Standard Time] 



